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Abstract
The search for light supersymmetric partners of the top quark (stop squark)
could result into the early discovery of physics beyond the Standard Model at
the LHC. We present here a detailed analysis based on a parametrized simula-
tion of the ATLAS detector. We study a benchmark model in the framework of
the Minimal Supersymmetric Standard Model, with a stop squark lighter than
the top quark, yielding a nal state similar to the one for tt¯ production. It is
demonstrated that a signal for the stop squark can be extracted in this case, and
the kinematic features of the stop decay studied. A technique to subtract the
SM background based on the data is developed to achieve this result.
1. INTRODUCTION
It has been recently pointed out that SUSY models with a very light stop squark, lighter than the top
quark, not excluded by existing accelerator searches, can have an important impact for cosmology [1, 2,
3, 4].
We present here an exploratory study of a benchmark model in which the stop quark has a mass of
137 GeV, and the two-body decay of the stop squark into a chargino and a b quark is open. We address
in detail the ability of the ATLAS experiment to separate the stop signal from the dominant Standard
Model backgrounds.
2. SIMULATION AND ANALYSIS
For the model under study[4] all the masses of the rst two generation squarks and sleptons are set at
10 TeV, and the gaugino masses are related by the usual gaugino mass relation M1 : M2 = α1 : α2. The
remaining parameters are thus dened:
M1 = 60.5 GeV µ = 400 GeV tan β = 7 M3 = 950 GeV
m(Q3) = 1500 GeV m(t˜R) = 0 GeV m(b˜R) = 1000 GeV At = −642.8 GeV
The resulting relevant masses are m(t˜1) = 137 GeV, m(χ˜±1 ) = 111 GeV, m(χ˜01) =58 GeV. The t˜1




decays with 100% BR into an off-shell W and χ˜01. The nal
state signature is therefore similar to the one for tt¯ production: 2 b-jets, Emiss
T
and either 2 leptons (e, µ)
(4.8% BR) or 1 lepton and 2 light jets (29% BR).
The signal cross-section, calculated at NLO with the PROSPINO[5] program is 412 pb.
We analyze here the semi-leptonic channel, where only one of the two t˜1 legs has a lepton in the nal
state. We apply the standard cuts for the search of the semileptonic top channel as applied in [6], but
with softer requirements on the kinematics:



















































Fig. 1: Left: Distributions of the minimum bjj invariant mass for top background (full black line), Wbb background (dot-
dashed blue line), signal (dashed red line). Right: Distributions of the minimum bl invariant mass for top background (full
black line), Wbb background (dot-dashed blue line), signal (dashed red line).
• Exactly two jets in the events must be tagged as b-jets, and they both must have pT > 20 GeV. The
standard ATLAS b-tagging efciency of 60% for a rejection factor of 100 on light jets is assumed.
A total of 600k SUSY events were generated using HERWIG 6.5 [7, 8], 1.2M tt¯ events using
PYTHIA 6.2[9]. The only additional background considered for this exploratory study was the associ-
ated production of a W boson with two b jets and two non-b jets, with the W decaying into e or µ. This is
the dominant background for top searches at the LHC. For this process, we generated 60k events using
ALPGEN[10]. The number of events generated corresponds to ∼ 1.8 fb−1. The generated events are
then passed through ATLFAST, a parametrized simulation of the ATLAS detector [11].
After the selection cuts the efciency for the tt¯ background is 3.3%1, for Wbbjj 3.1%, and for the signal
0.47%, yielding a background which is ∼15 times higher than the signal.
An improvement of the signal/background ratio can be obtained using the minimum invariant mass
of all the non-b jets with pT > 25 GeV. This distribution peaks near the value of the W mass for the top
background, whereas the invariant mass for the signal should be smaller than 54 GeV, which is the mass
difference between the χ˜± and the χ˜01. Requiring m(jj) < 60 GeV improves the signal/background
ratio to 10/1, with a loss of a bit more than half the signal. We show in the left plot of Figure 1 after this
cut the distributions for the variable m(bjj)min, i.e. the invariant mass for the combination a b-tagged
jet and the two non-b jets yielding the minimum invariant mass. If the selected jets are from the decay of
the stop, this invariant mass should have an end point at ∼79 GeV, whereas the corresponding end-point
should be at 175 GeV for the top background. The presence of the stop signal is therefore visible as a
shoulder in the distribution as compared to the pure top contribution. A signicant contribution from
Wbbjj is present, without a particular structure. Likewise, the variable m(bl)min has an end point at
∼66 GeV for the signal and at 175 GeV for the top background, as shown in Figure 1, and the same
shoulder structure is observable. We need therefore to predict precisely the shape of the distributions
for the top background in order to subtract it from the experimental distributions and extract the signal
distributions.
The top background distributions can be estimated from the data themselves by exploiting the fact
that we select events where one of the W from the top decays into two jets and the other decays into
lepton neutrino. One can therefore select two pure top samples, with minimal contribution from non-top
1The emission of additional hard jets at higher orders in the QCD interaction can increase the probability that the tt¯ events
satisfy the requirement of 4 jets. The cut efficiency is observed to increase by about 20% if MC@NLO is used to generate the

























Fig. 2: Left: distribution of the minimum bjj invariant mass after the subtraction procedure (points with errors) superimposed
to the original signal distribution (full line). Right: distribution of the minimum bl invariant mass after the subtraction procedure
(points with errors) superimposed to the original signal distribution (full line).
events by applying separately hard cuts on each of the two legs.
• Top sample 1: the best reconstructed blν invariant mass is within 15 GeV of 175 GeV, and
(m`b)min > 60 GeV in order to minimize the contribution from the stop signal. The neutrino
longitudinal momentum is calculated by applying the W mass constraint.
• Top sample 2: the best reconstructed bjj mass is within 10 GeV of 175 GeV.
We assume here that we will be able to predict the Wbb background through a combination of Monte
Carlo and the study of Zbb production in the data, and we subtract this background both from the ob-
served distributions and from the Top samples. More work is required to assess the uncertainty on this
subtraction. Given the fact that this background is smaller than the signal, and it has a signicantly dif-
ferent kinematic distribution, we expect that a 10-20% uncertainty on it will not affect the conclusions
of the present analysis.
For Top sample 1, the top selection is performed by applying severe cuts on the lepton leg, it can
therefore be expected that the minimum bjj invariant mass distribution, which is built from jets from the
decay of the hadronic side be essentially unaffected by the top selection cuts. This has indeed be veried
to be the case [4]. The m(bjj) distribution from Top sample 1 is then normalized to the observed
distribution in the high mass region, where no signal is expected, and subtracted from it. A similar
procedure is followed for the m(bl) distribution: the top background is estimated using Top sample 2,
normalized to the observed distribution in the high-mass region, and subtracted from it. The results are
shown in Figure 2, with superimposed the corresponding distributions for the signal. As discussed above,
we have subtracted the Wbb background from the observed distributions.
For both variables the true and measured distributions for the signal are compatible, showing the
goodness of the background subtraction technique, and the expected kinematic structure is observable,
even with the very small statistics generated for this analysis, corresponding to little more than one month
of data taking at the initial luminosity of 1033 cm−1s−1.
Further work, outside the scope of this initial exploration, is needed on the evaluation of the masses
of the involved sparticles through kinematic studies of the selected sample
CONCLUSIONS
A preliminary detailed analysis of a SUSY model with a stop squark lighter than the top quark decaying
into a chargino and a b-jet was performed. It was shown that for this specic model after simple kinematic
cuts a signal/background ratio of ∼1/10 can be achieved. A new method, based on the selection of pure
top samples to subtract the top background was demonstrated. Through this method it is possible to
observe the kinematic structure of the stop decays, and thence to extract a measurement of the model
parameters. This analysis can yield a clear signal for physics beyond the SM for just 1 − 2 fb−1, and is
therefore an excellent candidate for early discovery at the LHC.
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